This paper examined the factors influencing Chinese auto demand from 2001 to 2013, using multi-regression analysis. This study also investigated the effects of the recent global financial crisis on Chinese automobile demand, and compared the results with those found for three different periods of time. According to the empicral results, the main factors influencing the quantity of Chinese automobile demand before the global financial crisis were the price of automobiles, the price of gasoline, the lending rate and the personal disposable income. The main factors of influencing the Chinese auto demand during the global financial crisis were the price of automobiles, the lending rate and the personal disposable income. Only one main factor influenced Chinese auto demand after the global financial crisis, and this was the personal disposable income. The income elasticity of the demand was 0.270, 0.928 and 0.243 before, during and after the global financial crisis, respectively. The results show that automobiles are a normal good and that the personal disposable income is a very important factor in people's decisions whether or not to purchase an automobile in China. Moreover, automobiles were almost a luxury good during the global financial crisis, with the influence of personal income rising more three-fold during this period. Furthermore, the effects of the global financial crisis on Chinese automobile demand has been very significant.
Introduction
In recent years almost all major automobile companies have seen a growth in sales, with some figures even hitting record highs. In addition to the fact that the European economy has been gradually improving, the main contributor to this trend has been the strength of economic growth in the BRIC countries (Brazil, China, India, Russia) , and other emerging markets. The automobile industry is the dominant industry in the economies of China. In addition, an investigative report from The Boston Consulting Group stated that the BRIC countries would play a very important role in the global automobile industry and account for around one third of total sales in the following four years, with annual growth rates of 3-15%. While Chinese automobile sales accounted for 61% of the sales in BRIC countries in 2014, its annual growth rate slowed to 5%, down from the 20% to 40% seen in previous years. A German automotive market research consultancy, published a research report suggesting that by 2015 the total demand for automobiles in BRIC countries will increase to 20 million, and that within a decade demand will double. The Park company stated that due to the rapid economic development of these countries, and thus the substantial increases in income and purchasing power of many of their citizens, there has been a significant growth in the demand for automobiles.
Although there are many papers that have examined automobile demand, such as Carlson (1978) , Carlson and Umble (1980) , Arguea, Hsiao, and Taylor (1994) , Wojcik (2000) , Kobos, Erickson, and Drennen (2003) , and Shepherd, Bonsall, and Harrison (2012) , these have concentrated mainly on American and European markets. Moreover, as yet there are no papers which analyze the demand for automobiles in China for the years 2001 to 2013. Therefore, this study investigated the effects of the recent global financial crisis on Chinese automobile demand, and compared the results with those found for three different periods of time. China, with its growing economy and large population who have yet to purchase an automobile, is an attractive target for study. That is why this paper examines the factors influencing auto demand in the period from 2001 to 2013.
The China Association of Automobile Manufacturers (CAAM) indicated that Chinese national auto sales were 21,984,100 units in 2013, exceeding the record of 20 million and thus creating a new benchmark for the world record. The CAAM further predicted that Chinese auto sales would go rise from 23.74 to 24.18 million in 2014, an increase of 8%-10%. Table 1 shows the rise in sales in the Chinese automobile industry and its ranking among automobile-purchasing nations. It can thus be seen that this market has developed very rapidly in recent years, and thus is of considerable interest to the global auto industry, as well as to other international enterprises. 
Research Objectives
This study inspects monthly data for the span of 2001-2013. The data was analyzed by using multi-regression, based on economic theory and relevant research, to develop a model of Chinese automobile demand. This paper analyzes which factors have influenced automobile demand in China. and investigate if the global financial crisis affected automobile demand in China. Furthermore, this paper calculates the income elasticity with regard to automobiles during the three different time periods in China. Based on the income elasticity of demand, this study will determine which product category automobiles fall into in China (normal, luxury or inferior).
Research Contributions
The contributions of this study are as follows:
(a) This study is the first to explore the effects of the recent global financial crisis on Chinese automobile demand.
(b) This paper provides a calculation of automobile income elasticity in China, and determines which product category automobiles fall into in this country (normal, luxury or inferior). It is also the first study to examine the changes in automobile income elasticity in different periods of time.
Literature Review
This section reviews some studies that have examined the demand of automobiles. Carlson (1978) adopted a multi-equation to clarify automobile demand in US from 1965Q1 to 1975Q2. The results indicated that the disposable income is the most important decisive factor of auto demand. Carlson and Umble (1980) used quarterly data from the US for 1967 to 1978 to forecast automobile demand over the next five years, and to analyze the demand for different sizes of automobiles. Disposable income was given the greatest weight among all the factors used in their model to predict demand, and the results showed that price was a significant factor when automobile sales were depressed. Arguea, Hsiao, and Taylor (1994) developed a demand function using the data of automobile characteristics to estimate US automobile demand from 1969 to 1986. They used leastsquares estimates to calculate price elasticity and income elasticity, and found that income has a significant influence on the car demand. Abu-Eisheh and Mannering (2002) used a number of variables, including the GDP, changes in employment, fuel prices and exchange rate, and so on, to forecast automobile demand. They found that much of the growth in automobile ownership was driven by the GDP. Kobos, Erickson, and Drennen (2003) presented a scenario analysis of the Chinese passenger vehicles market to explore variations in key parameters. They drew the conclusions that steady per capita income growth resulted in the rapid growth of passenger vehicle sales in China. All these studies indicated that income is the crucial factor influencing automobile demand. They also displayed the calculation of price and income elasticity. Furthermore, they analyzed which factors affect the automobile demand.
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International Journal of Economics and Finance Vol. 7, No. 9; 2015 Marazzo, Scherre, and Fernandes (2010) The above review shows that most prior studies about China were conducted before the country's entry into the WTO at the end of 2001, and no works have yet examined the effects of the recent global financial crisis on automobile demand in this market. Moreover, much of the research in the auto industry has concentrated on American and European markets, with much less attention being paid to China.
Empirical Methods and Model

Samples and Data Sources
The monthly data used in this study is from January, Table 2 , below. Source: Created for the purposes of this study.
Variables
(a) QUAN symbolizes the quantity of automobile demand in China.
The real numbers of automobile sales are used to stand for the quantity of Chinese automobile demand.
(b) PRICE_AUTO represents the price of automobiles.
According to the economic law of demand, there is a negative correlation between the demand for a product and its unit price, assuming that all other factors influencing demand remain unchanged. However, data on the prices of automobiles is unavailable, although they are very important durable goods in China. For these reasons the price of durable goods is used as a proxy variable for the price of automobiles in China.
(c) PRICE_GAS represents the price of gasoline.
Based on the earlier study (Beresteanu & Li, 2011) , and the fact that the main complemental good of automobiles is gasoline, the price of gasoline is also included in the demand model. Furthermore, Jun (2012) used oil prices to forecast the demand for cars. According to economic theory, there is a negative correlation between the demand for a product and the unit price of the complementary product, assuming that all other factors influencing demand remain unchanged.
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The main substitute goods of automobiles are scooters, public transportation, mass transportation, and so on. The price index of transportation is thus used to represent the price of substitute goods in the model. According to economic theory there is a positive correlation between the demand for a product and the unit price of the substitute product, assuming that all other factors influencing demand remain unchanged.
(e) INCOME represents the level of personal disposable income in China.
Income is a very important determinant of whether a consumer buys an automobile or not. Following Carlson and Umble (1980) and Arguea, Hsiao, and Taylor (1994) , personal disposable income is thus included in this study's model. Assuming that all other factors influencing demand remain unchanged, there is a positive correlation between the demand for a product and personal disposable income.
(f) RATE represents the lending rate Many people need a loan to buy automobiles, and thus the charge of borrowing influences demand. The main factor influencing the borrowing cost is the bank lending rate, and thus there is a negative correlation between this and automobile demand. Therefore, the bank lending rate is included in the model.
The definitions of the variables in the Chinese model are summarized in the Table 3 . 
Empirical Methods
A regression model was adopted in this study. The assumptions of the classical linear regression model (CLRM) were employed, and the Ordinary Least Square (OLS) estimators had to be of the best linear unbiased estimator (BLUE) kind. The model was modified to better suit the context of this study. First, Klein's method was used to conduct a multicollinearity test to check if any collinear relationships existed among the variables. Second, a significance test (the nested hypothesis test) was used to decide whether or not to delete the collinear variables. Third, an autocorrelation test (the Durbin-Watson Test) was used to check whether autocorrelation existed among the variables. Fourth, White ' s Heteroskedasticity test was used to examine if there was any heteroskedasticity in the model. Finally, an Ordinary Least Square (OLS) test was used to determine the best estimators.
The Establishment of the Empirical Model
The model for Chinese automobile demand can be noted as follows: 
Empirical Results
This section discusses the results of the data checking using four tests (i.e., the multicollinearity, nested hypothesis, autocorrelation and heteroskedasticity tests). After some amendment, the conclusive regression model is also presented.
The Results before the Global Financial Crisis (from 2001 Q1 to 2007 Q2)
Empirical Results of the Multicollinearity Test
Klein's method was used to test for multicollinearity. The criteria for omitting variables are as follows: 1). By using OLS, Y = α+β 1 X 1 +β 2 X 2 +………… +β K X K produces the result of Ry 2 .
2). By using OLS, X i = α+β 1 X 1 +…………….. +β K X K produces the result of Ri 2 .
3). If Ri 2 ＞Ry 2 , then we omit X i .
The empirical outcome of the multicollinearity test are presented in Table 4 . Even though Table 4 shows that multicollinearity is an issue for PRICE_AUTO, it is not appropriate to omit this variable from the model only because of this (Gujarati, 2006) . Therefore, the nested hypothesis test was used to decide whether or not to exclude this variable from the conclusive model.
Significance Test
In the context of the nested hypothesis test, an F-test is the basis for any final decisions. If the calculated F statistic is smaller than the critical value, then the variable is omitted. The results are shown in Table 5 . Table 5 shows that PRICE_AUTO was retained.
Autocorrelation Test
The D-W value of automobile demand model in China was 1.280124 (K= 5, n=78, d L = 1.491, d U = 1.7708, at the 5% level of significance), located in the positive autocorrelation area. We thus used the Cochrane-Orcutt (C-O) process to deal with the problem of autocorrelation. After using the C-O process, a D-W value of 1.927041 was obtained, located in the area that showed no autocorrelation, thus indicating that this is not a problem.
Heteroskedasticity Test
The White heteroskedasticity test was performed with Eviews, and this was done to ensure that there were the same variances as BLUE.
The P value was 0.3, with a 5% level of significance, and thus heteroskedasticity is not an issue in the regression model.
Empirical Multiple Regression Model
After conducting the multicollinearity, significance, autocorrelation and heteroskedasticity tests, the remaining variables were used to run a regression analysis, following the OLS method, to construct a model for Chinese Note. *** signifies that the t-value is statistically significant at the level of 1%; ** signifies that the t-value is statistically significant at the level of 5%; * signifies that the t-value is statistically significant at the level of 10%.
The revised model can be written as follows: Table 6 shows that the t-values of Log(PRICE_AUTO), Log(PRICE_GAS) and Log(RATE) were significant at the 5% level in the conclusive model, while the t-value of Log(INCOME) was significant at the 10% level. The adjusted R-squared was 0.773757. Therefore, the model had good overall explanatory potential. Table 6 also shows that the relationship between Log(QUAN) and both Log(PRICE_AUTO) and Log(INCOME) was positive and the relationship between Log(QUAN) and all Log(PRICE_GAS), Log(PRICE_TRA) and Log(RATE) was negative. The coefficients for Log(PRICE_GAS), Log(RATE) and Log(INCOME) were of the expected signs, while those for Log(PRICE_AUTO) and Log(PRICE_TRA) were not. In summary, the table indicates that the principal factors influencing the Chinese automobile demand before the global financial crisis were the price of automobiles, the price of gasoline, the lending rate and the personal disposable income.
Log(QUAN)= -48.274 + 17.858＊Log(PRICE_AUTO) -0.437＊Log(PRICE_GAS) -4.480＊ Log(PRICE_TRA) -2.539＊Log(RATE)+ 0.270＊Log(INCOME) +(AR(2)= -0.003)
Results during the Global Financial Crisis (from 2007 Q3 to 2009 Q4)
Empirical Results of Multicollinearity Test
The empirical results of the multicollinearity test are showed in Table 7 . Table 7 shows that multicollinearity was not an issue for any of the variables, and thus they can all be included in the model.
Autocorrelation Test
The D-W value of Chinese automobile demand model is 2.22306 (K= 5, n=30, d L = 1.071, d U = 1.833, at the 5% level of significance), located in the indecision zone. The Cochrane-Orcutt (C-O) process was thus used to deal with the problem of autocorrelation. After using the C-O process, a D-W value of 2.044239 was obtained, located in the area that showed no autocorrelation, and thus autocorrelation was not an issue in this model.
Heteroskedasticity Test
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The P value was 0.23, with a significance level of 5% or higher, and thus heteroskedasticity is not an issue in the regression model.
Empirical Multiple Regression Model
After conducting the multicollinearity test, significance test, autocorrelation test and heteroskedasticity tests, the remaining variables were used to run a regression analysis in accordance with the OLS method to construct a model for Chinese automobile demand. The results are shown in Table 8 . Note. *** signifies that the t-value is statistically significant at the level of 1%.
The revised model can be written as follows: Table 8 indicates that the t-values of Log(PRICE_AUTO), Log(RATE) and Log(INCOME) were significant at the 5% level in the conclusive model. This also satisfied the BLUE requirements. The adjusted R-squared was 0.821846. The model thus had good overall explanatory potential.
Log(QUAN)=51.183 -14.566＊Log(PRICE_AUTO) -0.394 ＊Log(PRICE_GAS) + 4.898＊Log(PRICE_TRA) + 0.701＊Log(RATE) + 0.928＊Log(INCOME) + (AR(1)= -0.147)
Furthermore, Table 8 indicates that the relationship between Log(QUAN) and Log(PRICE_TRA), Log(RATE) and Log(INCOME) was positive and the relationship between Log(QUAN) and both Log(PRICE_AUTO) and Log(PRICE_GAS) negative. The coefficients for Log(PRICE_AUTO), Log(PRICE_GAS), Log(PRICE_TRA) and Log(INCOME) were of the expected signs. Nevertheless, the Log(RATE) coefficient was positive, and thus opposite to the expected sign. The table indicates that the principal factors influencing the Chinese automobile demand during the global financial crisis were the price of automobiles, the lending rate and the personal disposable income.
Results after the Global Financial Crisis (from 2010 Q1 to 2013 Q4)
Empirical Results of Multicollinearity Test
The empirical results of the multicollinearity test are presented in Table 9 .
Even though Table 9 shows that PRICE_AUTO, PRICE_GAS, PRICE_TRA and RATE had a multicollinear relationship, it is not appropriate to omit these variables from the model simply because of this (Gujarati, 2006) . Therefore, we use the nested hypothesis test to decide whether or not to exclude these variables from the conclusive model. Note. 1) At the 5% level of significance.
2) The critical value of F (1, 42) is 4.008; df for numerator = 1, df for denominator = 42. Table 10 shows that PRICE_AUTO, PRICE_GAS, PRICE_TRA and RATE were omitted.
Autocorrelation Test
The D-W value of Chinese automobile demand model was 2.105483 (K= 1, n=48, d L = 1.492, d U = 1.577, at the 5% level of significance), located in the area that shows no autocorrelation.
Heteroskedasticity Test
The White heteroskedasticity test was performed with Eviews to ensure that there were the same variances as BLUE.
The P value was 0.5903, with a level of significance of 5% or higher, and thus heteroskedasticity is not an issue in the regression model.
Empirical Multiple Regression Model
After conducting the multicollinearity test, significance test, autocorrelation test and heteroskedasticity tests, the remaining variables were used to run a regression analysis in accordance with the OLS method to construct a model for Chinese automobile demand. The results are shown in Table 11 . Note. *** signifies that the t-value is statistically significant at the level of 1%.
The revised model can be noted as follows:
As shown in Table 10 , we deleted PRICE_AUTO, PRICE_GAS, PRICE_TRA and RATE after performing both the multicollinearity and nested hypothesis tests. Table 11 further shows that the t-value of Log(INCOME) was significant at the 5% level in the conclusive model. This also satisfied the BLUE requirements. The adjusted R-squared was 0.213539. Table 11 shows that the relationship between Log(QUAN) and Log(INCOME) was positive, and the coefficient for Log(INCOME) was of the expected sign. The table indicates that the principal factor influencing the Chinese automobile demand after the global financial crisis was only the personal disposable income.
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Conclusions
Before the Global Financial Crisis (from 2001 Q1 to 2007 Q2)
As the results in Table 6 show, the income elasticity of the demand was 0.270, implying that if personal disposable income enhanced by 1 percent, the automobile demand would enhance by 0.270 percent, which is to say that the automobile sales would enhance by 0.270 units when disposable income enhances by one RMB. According to economic theory, Chinese automobiles were a normal good before the global financial crisis, and thus more that personal disposable incomes increases, the greater the demand for automobiles.
The cross-price elasticity of the demand is -0.437, implying that if the price of gasoline increased by 1 percent, the demand would decrease by 0.437 percent. This illustrates that automobiles and gasoline are complemental goods, the higher the gasoline price, the lower the automobile demand.
The price elasticity of demand is 17.858, implying that if the price of automobiles enhanced by 1 percent then the demand would enhance by 17.858 percent, which contradicts standard economic theory. Personal disposable income increased during the period studied, which indicates that the higher the price of automobiles, the greater the Chinese automobile demand.
The coefficient of the lending rate variable demonstrates that a 1 percent decrease in the borrowing cost(i.e., the lending rate) results in a 2.539 percent increase in automobile demand. Consequently, we can recognize that significant changes in this variable may have had a great effect upon Chinese automobile demand before the global financial crisis.
During the Global Financial Crisis (from 2007 Q3 to 2009 Q4)
As the results in Table 8 show, the income elasticity of the demand during the global financial crisis was 0.928, implying that if personal disposable income enhanced by 1 percent, the automobile demand would enhance by 0.928 percent, which is to say that the automobile sales would enhance by 0.928 units when disposable income enhances by one RMB. Conventional economic sense grasps that Chinese automobiles were a normal good during the global financial crisis, and thus the more personal disposable incomes increases, the greater the Chinese automobile demand. The income elasticity of the demand was 0.270 and 0.928, before and during the recent global financial crisis, respectively. From this we can know that the disposable income is a crucial factor of influencing automobile demand during the global financial crisis.
The cross-price elasticity of the demand is -0.394, implying that if the gasoline price enhanced by 1 percent, the demand would decrease by 0.394 percent. This demonstrates that automobiles and gasoline are complementary goods, and the higher the gasoline price, the lower the automobile demand.
The price elasticity of demand is -14.566, implying that if the automobile price enhanced by 1 percent, the demand would decrease by 14.566 percent, as expected by economic theory.
The coefficient of the lending rate variable demonstrates that a 1 percent increase in the borrowing cost (i.e., the lending rate) leads to a 0.701 percent increase in automobile demand. It is inverse with the normal situation. Most of auto purchasers were in financial difficulties during the global financial crisis, so they need to buy automobiles by loan. Consequently, the higher the lending rate, the higher the automobile demand. Therefore, we can take it for granted that the global financial crisis had an impact on Chinese automobile demand in this period of time.
After the Global Financial Crisis (from 2010 Q1 to 2013 Q4)
As the results in Table 11 show, the income elasticity of the demand after the global financial crisis was 0.243, implying that if personal disposable income enhanced by 1 percent, the automobile demand would enhance by 0.243 percent, which is to say that the automobile sales would enhance by 0.243 units when disposable income enhances by one RMB. Conventional economic sense grasps that Chinese automobiles were a normal good after the global financial crisis, and thus the more personal disposable income increases, the greater the automobile demand.
The results show that there is only the variable of disposable income to affect the automobile demand. As we can know that the economic circumstances is very poor after the recent global financial crisis, the buying depression is all over the world. It is very consistent with the true economic situation.
Summary
The income elasticity of the demand was 0.270, 0.928 and 0.243 before, during and after the global financial crises, respectively. The results thus show that automobiles are a normal good and that personal disposable www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 7, No. 9; 2015 income is a very important factor in people's decisions whether or not to purchase an automobile in China. Moreover, automobiles were almost a luxury good during the global financial crisis, with the influence of personal income rising more three-fold during this period. In addition, the results indicate that Chinese automobile demand was only affected by income after the global financial crisis, and thus the impact of this crisis on Chinese automobile demand has been very significant.
The three different periods of results were assembled into comparative table. The results are shown in Table 12 . In summary, as income changes, so does the demand for automobiles in China. The relationship between automobile demand and income is positive in the current study, and this is consistent with many previous works (e.g., Carlson & Umble, 1980; Depelsmacker, 1990; Abu-Eisheh & Mannering, 2002) , manifesting that income is a very crucial factor in Chinese automobile demand.
Due to the lack of data on automobile prices, only a proxy variable could be used in this study. However, since the price of automobiles is a crucial factor of affecting purchase decisions, future studies would obtain more accurate results if they could obtain data on this.
Automobiles can be divided into several kind of vehicles, and studying these is another direction for future research, In addition, other variables could also be used to investigate automobile demand, such as macroeconomic variables and the number of consumers.
